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which consumers might alter the composition and diversity of microbial communities (Pernthaler, 2005) .
In aquatic systems, Daphnia is a useful model organism for exploring how consumers can affect ecosystems via their effects on the diversity of microbial communities at local (Jürgens, 1994; Jürgens et al., 1994; Hahn and Hoefle, 2001 ) and regional (Verreydt et al., 2012; Berga et al., 2014) scales. Daphnia is well known to affect both the abiotic and biotic environment of aquatic ecosystems, including water transparency (Mazumder and Lean, 1994) , nutrient cycling (Elser and Urabe, 1999) , atmospheric carbon exchange (Schindler, 1997) , and phytoplankton abundance, productivity, and diversity (Sarnelle, 2005; Harvey et al., 1935) . Such effects might be mediated by how Daphnia affects bacterial abundance, composition, and productivity (Jürgens, 1994; Jürgens et al., 1994; Jack and Gilbert, 1994; Zöllner et al., 2003; Sarnelle, 2007; Langenheder and Jürgens, 2001; Hahn and Hoefle, 2001; Jürgens and Matz, 2002; Berga et al., 2014) , via a combination of both direct and indirect effects (Sterner, 1986; Wickham, 1998; Kamjunke and Zehrer, 1999) . For example, Daphnia can change the size distribution of bacteria directly by grazing (Kamjunke and Zehrer, 1999) , and indirectly by reducing small protists (e.g. <10um) that are voracious bacterivores (Langenheder and Jürgens, 2001; Sherr and Sherr, 2002) . The strong grazing effects of Daphnia on the abundance and diversity of phytoplankton (Sarnelle, 2005) , can also indirectly affect the availability of nutrients (Sterner, 1986) and dissolved organic matter (Lampert, 1978; Giraldo et al., 2007) . Such indirect effects can either counteract or amplify the direct effects of Daphnia grazing on bacteria (Sterner, 1986; Wickham, 1998) . At the regional scale (i.e. This article is protected by copyright. All rights reserved.
metacommunities and metaecosystems), there is experimental evidence that Daphnia can directly affect the diversity of both bacteria and phytoplankton (Verreydt et al., 2012; Berga et al., 2014) .
For example, Berga et al. (2014) found that Daphnia altered bacterial community composition (BCC) and respiration rates of microcosm metacommunities (1.5L volumes), and Verreydt et al. (2012) found that Daphnia mediated the effects of dispersal on BCC (in 200L mesocosms) through impacts on the abundance and composition of phytoplankton.
Several previous experiments have found strong effects of Daphnia on bacterial community composition (BCC) in aquatic systems (Jürgens, 1994; Langenheder and Jürgens, 2001; Zöllner et al., 2003; Verreydt et al., 2012; Declerck et al., 2012; Berga et al., 2014; Cram et al., 2016) .
However, it is difficult to generalise across these studies, because they varied widely in their duration (from a few days to months), were performed in vessels of different size (<1 to 500L), and used a wide range of methods to quantify bacterial diversity (in-situ hybridisation, fingerprinting methods, next-generation sequencing). It is appealing to use NGS methods for quantifying BCC because they can (i) more finely resolve taxonomic groupings of common and rare microbial species, (ii) help identify taxonomic groups that are known to have different functional traits, and (iii) generate hypotheses about phylogenetic relationships among species (Birtel et al., 2015) . Using NGS to quantify BCC in experiments has the underexploited advantage of being able to use a phylogenetic framework (Helmus et al., 2010) to test how consumers can influence community assembly processes (Vellend, 2010) at both local and regional scales (Chase, 2003; Fukami, 2015) .
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Understanding how Daphnia influences the relative importance of stochastic and deterministic processes that govern the assembly of aquatic communities (Chase, 2003; Chase et al., 2009; Hillebrand et al., 2009 ) might help us explain variation in the community and ecosystem effects of Daphnia. By manipulating the presence and absence of Daphnia in experimental metacommunities (Fig. 1A, B) we can test wether Daphnia decreases population densities of bacteria, potentially influencing the likelihood of local extinctions, particularly for rare species (Fig. 1D) . Directly manipulating the starting density of bacteria, for example by diluting the inoculum to experimental ecosystems, could yield a similar effect (Fig. 1D) . However, unlike a dilution manipulation that preferentially impacts rare species, the response of bacterial species to Daphnia might be more related to functional traits (e.g. grazing resistance, competitive ability) rather than abundance. In fact, previous studies have shown strong effects of Daphnia on bacteria composition independent of effects on biomass (Berga et al., 2014) .
In general, consumers with strong local effects on species composition and abundance (e.g.
Daphnia)
can potentially simultaneously influence the stochastic and deterministic processes that govern community assembly (Chase et al., 2009) . By using a factorial manipulation of Daphnia presence and a dilution of the innocula of the microbial community, we can experimentally test how Daphnia might temper the effect of stochastic processes and make the outcome of community assembly more or less deterministic (Chase et al., 2009) . For example, Daphnia could reduce species richness locally via two processes: lowering bacterial biomass so as to increase the likelihood of stochastic extinction, and preferentially excluding species with certain traits (e.g. This article is protected by copyright. All rights reserved.
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those vulnerable to grazing) that are independent of their initial abundance. Both of these processes could reduce local richness and increase the stochasticity of community assembly, leading to an increase of beta-diversity in a metacommunity. However, the latter process of preferentially removing species that are susceptible to grazing pressure could homogenise the regional pool of species and thereby increase the determinism of community composition, leading to a reduction of beta-diversity in the presence of Daphnia. A similar outcome would not be expected from the dilution treatment, unless grazing resistance traits were strongly correlated with relative abundance in the starting community. In light of such potential mechanisms and interactions, we predicted that Daphnia, but not dilution, could change the abundance of both dominant and rare species, possibly depending on their vulnerability to grazing and their competitive ability in ecosystems modified by Daphnia (Fig. 1D ). Although we do not know a priori the distribution of species specific response to Daphnia grazing, we can estimate this from changes in the rank abundances of species, and use this as a species-specific response trait to compare among treatments. Specifically, if the effects of Daphnia and dilution are similar across all species in our experiment, then we should expect no difference in the variance of rank abundance change among metacommunities (relative to a null model of rank abundance change), and no phylogenetic signal associated with these changes.

Materials and Methods
Experimental design and setup -We used a full-factorial (2x2) randomised block design (Fig. 1A) with 24 freshwater metacommunities (i.e. 6 replicates of each block), each consisting of two 300L mesocosms that were connected by weekly manual dispersal of 50mL (Fig. 1) . The four treatments were factorial combinations of two levels of Daphnia abundance (-Daphnia: 0 individuals; +Daphnia: 30 individuals) crossed with two levels of dilution (-Dilution; +Dilution: 1 million fold dilution of the bacteria innoculum).
Mesocosms were filled with approximately 250L of unchlorinated tap water which originated from the nearby lake Lucerne. Each mesocosm received an equivalent inoculum of plankton from Lake Lucerne, that was concentrated within a size fraction <100µm and >10µm. Each mesocosm of the +Daphnia treatment received 30 individuals of a single Daphnia galeata clone, which is a density that ensures all populations have a reasonable chance of becoming established. The clones were added with 100mL of fresh culture water, and the -Daphnia treatments received the same amount of culture water but no Daphnia. We used Daphnia galeata (hereafter Daphnia) because it is known to graze bacteria sized particles, and can have both direct and indirect of effects on bacterial communities (Kamjunke and Zehrer, 1999) .
Each block (4 treatment combinations), received lake water from a pair of two different lakes (6 lake pairs, 12 lakes in total). These two lakes were paired randomly from a parallel lake survey of bacterial diversity (Birtel et al., 2015) . In each metacommunity (i.e. two mesocosm), two types of This article is protected by copyright. All rights reserved.
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filtered lake water were added to each mesocosm as an inoculum: Zooplankton free water (ZF) which was prefiltered through 5µm filters to remove zooplankton and large phytoplankton, and Bacteria Free (BF) water which was ZF water additionally filtered through 0.2 µm to remove bacteria. ZF water was used to seed each mesocosm with bacteria but each mesocosm only received ZF water from one lake (Fig. 1C) . Because the amount of ZF water varied with the dilution treatment we used BF from both lakes to ensure that all mesocosms received the same total volume of water, and to ensure similar starting environmental conditions (i.e. water composition, volume added). Specifically, undiluted mesocosms (-Dilution) received 10L of ZF water from one of the lake, and 10L of BF water from the other lake. Diluted (+ Dilution) mesocosm received 10L of BF water and 1mL of ZF water from the same lake, as well as 10L of BF water from the other lake in the pair of lakes used for each block. We chose to dilute the bacterial community by a factor of one million in order to remove rare species and to dramatically suppress initial densities of bacteria relative to other species in the mesocosm (Fig. 1D) . The mesocosm experiment ran for 12 weeks in 2011 (Aug to Oct).
Mesocosm sampling and analyses -Over the course of the experiment, we measured various biological, physical, chemical and ecosystem functions on a regular basis (Table S1 ). We performed weekly samplings of algal biomass (Chlorophyll a), dissolved organic carbon (DOC) concentration and DOC composition, as well as bacterial cell densities and cell size distribution. At the end of the experiment we measured a larger suite of ecosystem metrics, including physical-chemical metrics (e.g. pH, oxygen, conductivity, temperature, and light extinction), and ecosystem functions (e.g. This article is protected by copyright. All rights reserved.
phosphatase activity, respiration rates) (Table S1 ).
To measure algal biomass, we filtered between 500-1000 mL of water through 47mm ashed GF/Fs (6 hours at 450C), and extracted Chlorophyll-a by immersing filters in 8 mL of 90% ethanol, sonicating the vials in a 78
• C water bath (10 min), and measuring absorption at 665nm using a Hitachi U 2000 spectrophotometer. The filtrate was acidified and stored at 4
• C for measuring DOC concentration on a Shimadzu TOC-V CPH, and DOC absorption spectrum over the wavelengths of 190 to 800 nm on a Hitachi U 2000 spectrophotometer. We used flow cytometry to measure bacteria cell density and size (Prest et al., 2013) . Specifically, we fixed 40 mL of tank water with a filter-sterilized solution of paraformaldehyde and glutaraldehyde (0.01% and 0.1% final concentrations, pH 7; (Nizzetto et al., 2012) ) and stored samples at 4
• C until flow cytometric measurements were carried out on a BD Accuri TM C6 Flowcytometer (Prest et al., 2013) .
Phytoplankton was sampled from the water column (100mL), preserved with Lugol's solution, and analysed using inverted microscopy (Pomati et al., 2013) . Dissolved oxygen, pH, temperature and conductivity were measured in situ at approximately 0.5 m water depth using portable water sensors. We used respiration rates and phosphatase enzyme activity as two metrics of ecosystem functioning. We measured respiration rates in the lab using a custom-built temperature controlled incubator (16 • C) and fiber-optic oxygen mini-sensors (FIBOX 3, PreSens). Respiration rate was measured as the rate of oxygen decline over 6 hours, with measurements taken every 30 seconds. In
general, enzyme activities are useful indicators of the level of microbial activity associated with
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specific biogeochemical processes (Sinsabaugh et al., 2008) . Phosphatase activity is specifically associated with the mineralizing P from organic matter, and was quantified following German et al.
(2011). For our experiment, phosphatase activity provided an ecosystem function that was more specific to bacterial activity, and commonly used to investigate relationships between community structure and function (Frossard et al., 2011) .
The bacterial community was analyzed using Illumina sequencing (Birtel et al., 2015) . Briefly, mesocosm water was filtered onto 0.2µm polyethersulfone filters (Supor 200 Membrane Disc Filters), which were instantly frozen in liquid nitrogen and preserved at -80
processing. DNA was extracted by enzymatic digestion and cetyltrimethyl ammonium bromide (CTAB) extraction using a modified protocol of Llirós et al. (2008) . Ilumina sequencing and sequence analysis was performed as described previously (Birtel et al., 2015) , and here we used the V3 region of the 16S rRNA for the analysis of bacterial diversity.
Data analysis -Profile analysis of the time-series data was performed for bacterial abundance, bacterial size distribution and chlorophyll concentrations. Profile analysis is an alternative to repeated-measures ANOVA (RM-ANOVA) with less restrictive assumptions (Fidell and Tabachnick, 2006 Illumina sequences were analyzed using the bioinformatics pipeline QIIME (Kuczynski et al., 2011; Birtel et al., 2015) , and diversity was analysed using linear mixed effect models in R (R Development Core Team, 2014) . In almost all cases (except for some of the phylogenetic analyses), samples were rarefied to 200 reads per mesocosm prior to analysis (Birtel et al., 2015) .
Estimates of α, β and γ-diversity, as well as phylogenetic diversity and dissimilarity were computed for each bacterial metacommunity based on the average of 1000 rarefactions, each of 200 reads. Although our low number of reads likely underestimates alpha diversity (Lundin et al., 2012) , our method provides a robust index of diversity for comparing among our experimental treatments (Birtel et al., 2015) . In our study, species richness (SR; α-diversity = local diversity) was calculated as the number of unique OTUs (or phytoplankton species) per tank and then averaged across metacommunities. β-diversity was estimated for each metacommunity using Jaccard and Bray-Curtis dissimilarities, and γ-diversity was calculated as the total number of unique OTUs per metacommunity. Bacterial phylogenetic diversity (PD) was quantified as the sum of phylogenetic branch length (Cadotte et al., 2008) , and phylogenetic dissimilarity was calculated using UniFrac distances (Lozupone and Knight, 2005) .
In order to test for treatment effects on the rank abundance distribution of bacteria (Fig. 1D) , we
rarified our data for each mesocosm sample to 200 reads (as above for the diversity analyses), and then we selected the 300 most abundant OTUs over the entire experiment for further analyses. For each metacommunity, we calculated (i) rank abundance slopes (ii) average ranks for each OTU, and (iii) changes in the ranks of each OTU between treatment combinations. We then tested for phylogenetic signal of each OTU's change in rank using Blomberg's K. To test for significant phylogenetic signal, we repeated this analysis 100 times between treatment combinations, and calculated the proportion of significant p-values (p<0.05). In order to visualise these results, we aggregated the phylogenetic tree to the class level, and for each tip of the tree we calculated class level averages (i.e. for multiple OTUs) of both relative abundance and change in rank.
Results
Ecosystem dynamics through time -Over the course of the experiment, we found significant effects of both dilution and Daphnia addition on the dynamics of bacterial abundance, bacterial size distribution and algal biomass (Table 1 , Fig. 2 ). On certain sampling dates, we found either effects of Daphnia, dilution, or their interaction (Fig. 2 A, B, C) . For example, Daphnia lowered bacteria density on week 6 (Figure 2A ), increased bacteria cell size on weeks 4 and 6 (Fig. 2B) , and decreased algal biomass on nearly all sampling dates (Levels test; Table 1 , Fig. 2C ). Dilution had weaker overall effects on ecosystem dynamics than Daphnia, but did have interactive effects with Daphnia on algal biomass (weeks 3,6,9) and bacterial density (week 2).
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On the last sampling day of the experiment (week 12), metacommunities with Daphnia had a lower density and biomass of phytoplankton, but there was no difference in the abundance or size of bacteria (Table 1) . Dilution had no effect on the biomass and abundance of both bacteria and phytoplankton (Table 2 ). In our analysis of ecosystem functioning, we found no treatment effects on phosphatase activity but an interactive effect on respiration rate (Table 2 , Fig. S2 ).
Treatment effects on Biodiversity -We found that Daphnia decreased both the local (α) and regional (γ) diversity of phytoplankton (Fig. 3 ), but this did not affect β-diversity. Diluting the initial inocula increased α diversity of phytoplankton (Fig. 3) , but had no effects on β-diversity (Table 2) .
Daphnia also significantly reduced local (α) and regional (γ) diversity of the bacteria community, and, similar to the phytoplankton, had no effect on the community similarity (i.e. β) among metacommunity sites (Fig. 3 , Table 2 ). Although Daphnia did not significantly alter the β-diversity of either phytoplankton or bacteria, diluting the initial inocula caused the bacterial communities within a metacommunity to be more similar (Table 2 : Dilution effect on β-diversity). The combined effects of dilution and Daphnia were particularly evident when comparing the composition of the ten most abundant classes of the bacterial community, which together represented approximately 82% of all OTUs (Fig. 4, Table 2 ). For example, we found an interactive effect of Daphnia and dilution on Betaproteobacteria, which was the most abundant class of bacteria, comprising almost 40% of all OTUs. We also found that Daphnia caused an increase in relative abundance of Alphaproteobacteria, whereas dilution caused a decrease in the relative abundance of Saprospirae and Flavobacteria (Table 2 ).
Overall, Daphnia had strong effects on both bacterial community composition (Fig. 4 ) and phylogenetic diversity (PD: Fig. S1 ). The average metacommunity PD (Fig. S1A ) was significantly lower in the presence of Daphnia (p<0.01), and was unaffected by dilution (p=0.21).
Metacommunities with and without Daphnia did not differ in their phylogenetic dissimilarity (Fig.   S1B , unweighted UniFrac: p=0.72).
The bacterial rank-abundance distributions, which are a combined measure of species richness and evenness, differed among treatments (Table 2 ). While our dilution treatment had no effect on rank-abundance slopes, we found steeper slopes for metacommunities with Daphnia (Fig. 5A+B , Table 2 ). In the absence of Daphnia, there were more species present and a shallower rank-abundance slope. We also found that the variance in rank changes of individual OTUs between Daphnia presence-absence treatments was larger than between the dilution treatments (Fig. 5C+D) .
Interestingly, the rank changes between Daphnia treatments showed strong phylogenetic signal (Table S3 ), indicating that closely related species have more similar responses to Daphnia than expected by chance (Fig. 6 ).
Discussion
Our results show that both bacterial and phytoplankton communities are strongly affected by the presence of Daphnia, and, to a lesser extent, by altering the starting community of bacteria via dilution (Table 2 ). Our experiment was partly motivated by the previous study by Chase et al.
(2009), which found that fish predation reduced the diversity of macroinvertebrates, zooplankton and amphibians at both local (α) and regional (γ) scales, and increased community similarity (lower β-diversity). Chase et al. (2009) suggested that plankton communities became more similar in the presence of fish because a smaller subset of species within the regional pool shared the traits necessary to coexist with fish predators (e.g. small body size, avoidance behaviours), and concluded that deterministic processes become more important for community assembly in the presence of a fish predator (Chase et al., 2009 ). In our study, we focused on how Daphnia grazing, combined with a manipulation of the initial community of bacteria, affects the community assembly of both bacteria and phytoplankton communities. Similar to the results from Chase et al.
(2009), we also found a significant decrease in α-and γ-diversity of both the bacterial and the phytoplankton community in the presence of Daphnia (Fig. 3) . In addition, we found strong effects of Daphnia on species composition and phylogenetic diversity of metacommunities. However, in This article is protected by copyright. All rights reserved.
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The diversity of both bacterial and phytoplankton communities decreased in the presence of Daphnia, but these patterns likely arose from very different mechanisms. Daphnia are relatively non-selective filter feeders (Hartmann and Kunkel, 1991) , and their ingestion of phytoplankton by
Daphnia depends on the mesh size of their filtration apparatus (Gophen and Geller, 1984) and on the palatability of the phytoplankton species (Böing et al., 1998) . Over the course of the 12-week experiment, algal biomass declined in the presence of Daphnia (Fig. 2C ) and this strong grazing pressure was probably responsible for the reductions in α-and γ-diversity of phytoplankton, possibly driven by more stochastic extinctions occurring at low cell densities. We are unsure how such effects of Daphnia on phytoplankton abundance and diversity might indirectly influence bacteria diversity, and recommend that future studies design experiments that disentangle the direct and indirect effects of consumers on the diversity of interacting communities at lower trophic levels.
Our dilution manipulation caused an increase in α-and γ-diversity of the phytoplankton community, and a decrease in β-diversity. The decline in β-diversity might suggest that deterministic processes are important drivers of phytoplankton community composition when the initial abundance of bacterial and small phytoplankton cells is reduced (i.e. in the size fraction 0.2-5µm). It is possible that our dilution manipulation altered competitive interactions between species in the size fraction 0.2-5 µ and larger algal species in the original phytoplankton inoculum (size range: >10µm and <100µm). However, other mechanisms involving dilution effects are also possible, including changes in encounter rates between species (Cram et al., 2016) and rates of colonisation via areal dispersal (Jones et al., 2008) .
Compared to the well studied effects of Daphnia on phytoplankton (Sarnelle, 2005; Harvey et al., 1935) , much less is known about how Daphnia might influence the abundance and diversity of bacterial communities (Berga et al., 2014) . In our experiment, bacterial cell densities remained fairly constant throughout the experiment ( Fig. 2A) , suggesting either weak top down grazing pressure by Daphnia or rapid compensation by grazing resistant species. Previous research has shown strong effects of Daphnia grazing on bacterial communities (Kamjunke and Zehrer, 1999; Jürgens and Matz, 2002; Berga et al., 2014) . For example, Jürgens and Matz (2002) found that small bacterial cells dominate in the presence of Daphnia due to reduced densities of phagotrophic protists that feed on bacteria, such as heterotrophic nanoflagellates (HNF) and ciliates. Daphnia galeata can feed directly on large bacterial cells and this could alter size structure of bacteria independent of effects on abundance (Kamjunke and Zehrer, 1999) . Indeed, in our experiment we found smaller bacterial cells in metacommunities with Daphnia (Fig. 2B ) despite no differences in total cell concentration. We also found that Daphnia reduced the α-and γ-richness and phylogenetic diversity (Fig. 3, Fig. S2 ), altered the composition of the entire community (Fig. 4) , and changed the abundance of dominant bacteria classes (e.g. Alphaproteobacteria,
Betaproteobacteria and Actinobacteria). Changes in bacterial community composition might be due to the direct effects of Daphnia grazing on size and species composition (Kamjunke and Zehrer, 1999; Jürgens and Matz, 2002) , or due to a wide range of indirect trophic (e.g. Daphnia grazing effects on bacteriovores) and non-trophic effects (e.g. effects of Daphnia on nutrient recycling) on bacterial communities (Pernthaler, 2005) . For example, Alphaproteobacteria were more abundant
in the absence of Daphnia during our study, and species of this class are known to form filaments to resist ingestion by heterotrophic nanoflagellates (Jürgens et al., 1999) which often decrease in the presence of Daphnia. Betaproteobacteria are also known to be sensitive to HNF grazing (Salcher et al., 2010) , and in our experiment they increased in relative abundance when Daphnia was present.
Regardless of the specific mechanisms, our results demonstrate that Daphnia can be a strong structuring force on the community composition of bacteria.
A novel result from our study is that Daphnia can strongly affect the rank abundance distribution of the community, and, interestingly, these changes in rank among species showed significant phylogenetic signal (Fig. 6 , Table S3 ). Previous studies have used phylogenies to explore how species relatedness can predict responses to environmental change or stress, even when little is known about the tolerance traits of different species (Helmus et al., 2010) . For bacteria in multi-species communities, where trait information is limited, we propose that phylogenies can be useful for testing whether closely related species share similar responses to environmental changes.
Indeed, we found that OTUs with higher sequence similarity (i.e. higher relatedness) responded in similar ways to Daphnia grazing. We speculate this could result from major classes of bacteria sharing similar traits (e.g. size, motility) associated with grazing resistance (Jürgens et al., 1999; Pernthaler, 2005) . Testing this further would require additional quantification of bacterial traits and their distributions on a phylogeny.
In our analysis of ecosystem responses, we found an interactive effect of dilution and Daphnia on This article is protected by copyright. All rights reserved.
respiration rates, but no treatment effects on phosphatase activity (Table 2) . The lack of effect on phosphatase activity is not entirely surprising because previous work has found that such generalized enzyme activities are not very sensitive to compositional changes in bacterial communities (Comte and del Giorgio, 2010) . The interactive effect of Daphnia and dilution on respiration rates (Fig. S2 ) of metacommunities is difficult to interpret without additional experiments. We have compelling evidence that Daphnia affected the composition of bacterial communities (Fig. 4) , and that major classes of bacteria are influenced by a combination of both Daphnia and dilution (Table 2 ). For example, Betaproteobacteria are known to be fast-growing (Simek et al., 2006) , they were the most abundant group of bacteria (39%) in all metacommunities, and they significantly increased in their relative abundance in the presence of Daphnia. It is possible that Daphnia caused a compositional shift toward smaller and faster growing bacterial taxa, and this impacted community-wide rates of respiration.
Overall, our results contribute to growing evidence that consumers can strongly affect the composition of the bacteria community, and offer a possible explanation for the pervasive effects of consumers on biogeochemical processes (Atwood et al., 2013; Schmitz et al., 2014) . As predicted (Fig. 1) , we found that our manipulation of Daphnia significantly affected the relative abundance of both dominant and rare species, culminating in a higher variance in the distribution of rank changes (Fig. 5D ) and a steeper rank-abundance relationship (Fig. 5B) . Using NGS methods revealed that closely related species share similar response to the presence of Daphnia (Fig. 6) , and that across the entire community (Fig. 5) , these effects of Daphnia were much stronger than the million fold This article is protected by copyright. All rights reserved.
reduction in the initial bacterial inoculum (size fraction: 0.2-5µm) to the ecosystems. In light of these results, more work is needed to identify the mechanisms underlying how Daphnia in particular, and consumers in general, can affect biogeochemical changes in spatially structured ecosystems through effects on microbial diversity and community structure (Bell et al., 2005; Battin et al., 2003; Besemer et al., 2009; Comte and del Giorgio, 2010; Atwood et al., 2013) . Tables   Table 1. Results of profile analysis on bacterial abundance (BaN), bacterial size class distribution (BactSize) and Chlorophyll a (Chl-a). This article is protected by copyright. All rights reserved. This article is protected by copyright. All rights reserved.
Figure Legends Two lakes (i.e. L1 and L2) were used as the source water and propagules for each block of metacommunities. Undiluted metacommunities were inoculated with equal proportions of ZF and BF water, whereas diluted metacommunities were inoculated with equal proportions of BF water, and a small innocula of ZF water (1 mL). (D) We predicted that dilution would increase the chance of extinction for rare species (i.e. those below the dotted line), and change the relative proportion of bacteria compared to other community members (e.g. phytoplankton,
protists, viruses). We predicted that Daphnia could both potentially either reduce or increase the abundance of both common and rare species. This article is protected by copyright. All rights reserved. 
